Indonesia's soil erosion, which endangers the livelihoods of some two-thirds of present and future generations of the world's fifth largest population, is one of today's most serious ecological problems. Growing government concern over the last decade and more led in 1976 to the launching of a huge reforestation programme, with fund allocations in the last three years of Rupiahs 76 billion (equivalent to some $184 million before the N o y e m b e r 1978 devaluation).
While this p r o g r a m m e has some substantial physical achievement to its credit, especially on the State owned forest lands, its implementation has shed new light on the character of the problem itself. Without minimising the importance of continuing scientific research, it seems that the more intractable difficulties of containing soil erosion lie less in the areas of technology and economics than in their social and political dimensions. The problem is seen now as essentially one of management, and because time is limited the success or failure of future soil conservation programmes may well depend on the speed with which institutions can be effectively modernised and public service management decentralised. This article attempts to analyse the main issues in the problem but must begin with the caution that such a complex topk cannot be described in a short article without some selectivity and risk of over-simplification. A second preliminary note is that the focus is entirely on the inner islands of Indonesia where population pressures are greatest and terrain most mountainous and where, in consequence, problems of soil erosion are substantially different from those of the outer islands. The concern therefore is with Java, Madura and Bali, though for convenience these are collectively referred to as Java.
Briefly stated, the ecological problem in these islands arises from population growth this century which has increasingly forced rural cultivators from the valleys into dry-land (regalan) farming and brought about the deforestation of once thickly wooded hills and mountain slopes. The scale on which this is now taking place is such that over much of Java watershed erosion reaches 3.5 cm a year and millions of tons of soil are washed into the sea annually. Thus soil 60 fertility is reduced; hydrological balances are disturbed; wells dry up or have diminished discharges; less water is available for irrigating the plains and lower slopes; and there is a steady increase in both the frequency and size of floods and in the silting up of rivers, irrigation canals and reservoirs. In extreme instances the upper slopes are so denuded of soil they have been abandoned for cultivation. The great majority of Java's slopes, however, has not yet reached the point of no return and there is still time for a wide-scale soil conservation programme to be effective.
In very broad terms remedial measures fall into two categories: soil mechanics and afforestation. Soil can be conserved for food crops and surface run-offs reduced to five per cent or lessdepending on the quality and permeability of the soil -by 'bench' terracing with appropriate waterways to channel the water along the back of the terrace and, usually necessary in Java, by constructing 'gulley-plugs' to control the downward flow of run-off water to its eventual discharge. Secondly, afforestation can be an excellent means of reducing erosion and controlling flooding. Given appropriate choice of trees and good management of forests, erosion is checked by soil litter; run-off is small because of the higher permeability of forests soils; and nutrients are better preserved since they are stored in the vegetation within the existing organic system. Common to all forms of vegetation for erosion control is the need to provide cover for the soil. On exposed lands Hudson's work in East Africa has shown the importance in the tropics of 'rain-drop splash' -the first stage in the water erosion process which leads to the successive stages of 'run-off', 'gulley', and 'steam-bank' erosion (Hudson, 1971, 47-76) . In one experiment, he showed how, by using a fine wire gauze, rate of soil loss could be reduced from a ten year average of 126.6 tons per hectare to 0.9 tons p.ha, and in subsequent experiments, how similar effects can be achieved with close planted food crops such as maize. On forest lands, as an 1974 FAO report on Central Java states, "in forests with bare soils erosion is still considerable.
In establishing forests, especially on abandoned sites without vegetation, it is essential to give as much attention to establishing a good soil cover as to establishing the trees". (UNDP/FAO, 1976 In retrospect later programme evaluators were to ascribe three consequences to the early centralisation of decision-making for the programme First, the determination of the extent and location of soil erosion in each Kabupaten, and hence the amount of allocations for the programme, depended on centrally collated statistics which, programme experience was to show, had not kept up with the rapidly changing land-use patterns of recent years. Secondly, though not exclusively as will be seen, it contributed to an unduly large investment in the private land programme in one technologythat of tree planting on the lower slopes. Thirdly, the reliance upon targets imposed from above and controls exercised through the Bupati-Camat- Programme Shortage of labour on the middle slopes was believed to be a major factor, along with some lack of belief in their usefulness, in holding back farmers on the tegalans from constructing bench terraces of their own. Not surprisingly therefore some planners saw the labour question as a major problem, the more so because they doubted the feasibility of mobilising surplus labour from outside the tegalans and bringing it to scattered project sites. are fragmented, and the uses to which land is put.
Silvlpasture
The last of the three technologies, silvipasture, produces by far the most complex problems both of social engineering and scientific research. The
Forest Department and FAO in Java make a general distinction between slopes of varying steepness. On slopes of less than 50 per cent treatment consists of fuelwood tree planting and bench terracing for food crops. On slopes above 50 per cent, where erosion is usually too far advanced to make terracing for agriculture profitable, the policy is to plant trees for fuelwood and to interplant them with grasses for stall feeding and fattening animals for the market. In this way a farmer receives income to replace the loss of his cassava both from fuelwood and animals. Space constraints preclude all but a brief summary of the important trees! fodder/livestock (TFL) technology on which experience to date -almost all of it in the Upper Solo river basin -has posed many new problems 1 Farmers in Java are normally in one of four categories.
In the River Solo valley the local terms to describe them are 'kuli kenceng' or 'full' farmer; a farmer with access to wet rice ñelds, dry fields, and 'home garden' (pekarangan). Thirdly, for the marginal farmer at least, the silvipasture technology produces a temptation he may find hard to resist in that he is required to observe a regimen over a span of years for felling his trees. If, for example, eucalyptus alba is used he may cut one third of his trees in the third year, a second third in the sixth, and half the remaining stand in the tenth. Illness, debt and insecurity of tenure are only some of the factors which may lead him to clearfell his whole stand when it is big enough to be marketable and thus defeat the purpose of the scheme. farmers who fail to maintain terraces and thereby increase the potential for erosion on the land of their neighbours further down the slope. In a very small-scale programme it may be possible to ensure compliance with accepted obligations through intensive supervision, but this cannot be a realistic policy for so large and diffuse a programme as is necessary -and the the steeper slope farmers in particular are the most physically remote of the village community. The arguments which are now leading some programme officers and researchers to believe that the problem can best be handled by appropriate village institutions seem to be based on three ideas. First, the more detailed planning at village level they would make possible and the use of local knowledge, not only of physical conditions but of individual farmers in the community would reduce many of the present unavoidable anomalies in planning which contribute to untoward practices. Secondly, more local control over the activities of government departments in the field can be expected to increase public confidence in the programme.
Thirdly, the exercise of responsibility for the programme may be the best way of bringing home to the local community the essential characteristic in soil erosion of mutual dependence and the vulnerability of some farmers to the activities of others, and lead to their imposing their own sanctions where required upon its members. Given the circumstances of the programme these may be the only sanctions which can be effective.
